Abnormal uterine bleeding (AUB) is one of the most common reasons adolescent patients present for gynecologic care. A new classification system has been created to provide a universally accepted system of nomenclature to describe uterine bleeding causes in reproductive-aged women. The acronym PALM-COEIN (polyp, adenomyosis, leiomyoma, malignancy and hyperplasia, coagulopathy, ovulatory dysfunction, endometrial, iatrogenic and not yet classified) was introduced in 2011. This classification will help to target not only treatment but also future research into treatment options in the AUB population. In order for treatments to be effective, an accurate diagnosis is paramount. Adolescents tend to have anovulatory, infectious, or pregnancy-related causes of AUB. Traditional treatment modalities have been hormonal in nature, the most common being the use of oral contraceptive pills. The latest development has been the recognition of the effective use of the levonorgestrel intrauterine systems (LNG-IUS) in successful treatment of AUB in the adolescent population.
Introduction
Abnormal uterine bleeding (AUB) is one of the most common reasons that adolescent females present for gynecologic care. The underlying diagnosis is important in determining a treatment plan.
hypothalamic hypogonadism, and polycystic ovarian syndrome.
The second most common cause of AUB in adolescents is coagulopathy [5] [6] [7] . Patients with heavy menstrual bleeding should be evaluated for both inherited and acquired disorders of coagulation [8] . Platelet dysfunction has been noted to be the most common hemostatic defect found in adolescents with AUB [9-12, 13•] .
Von Willebrand disease is the most common inherited bleeding disorder among American women [8] and may present in the adolescent as AUB. The possibility of an underlying hematologic disorder in adolescents should be considered when they present with heavy menses and a hemoglobin level below 10 g/dL. This presentation should warrant a detailed hematologic investigation [14, 15] . Despite guidelines to screen for von Willebrand and other bleeding disorders in adolescents with heavy menses, a recent study determined that less than 25 % of adolescents were screened [15] .
Additional causes of AUB that would be more likely in an adolescent include pregnancy, sexually transmitted infections [16] , and sexual trauma. Therefore, patients should also be questioned about sexual history and a part of their evaluation should include pregnancy testing, an appropriate physical examination, screening for chlamydia and gonorrhea as well as a hematologic evaluation. Similarly, a review of current medications should be completed as a 
Treatment
The initial management of AUB in the adolescent is based on whether the AUB is acute or chronic. In cases of acute AUB, the patient's hemodynamic stability and identification of the underlying cause of bleeding will determine management [17•] . The proceeding medical management will also be based on the etiology and the severity of the patient's anemia. Surgical interventions are rare in the adolescent, as most patients improve with medical treatment. Treatment goals include cessation of current bleeding, prevention of worsening anemia, improvement of an adolescent's quality of life, and the establishment of a regular menstrual cycle [17•] . As hormonal methods of treatment are commonly used to treat AUB, prior to their use, it is important to rule out any contraindication by obtaining a complete personal and family history and consulting the Centers for Disease and Control and Prevention's Medical Eligibility Criteria for Contraceptive Use [18] , the World Health Organization for published criteria on contraceptive use [19] , and the U.S. Food and Drug Administration labeling information website [20] . This is particularly important in that many of these adolescents may require both the contraceptive efficacy of the treatment in addition to the hormonal treatment of AUB. Chronic AUB occurs when uterine bleeding is abnormal in volume, regularity, and/or timing and has occurred for most of the past 6 months. Unlike acute AUB, which requires immediate intervention, chronic AUB does not [1] .
Pharmacologic treatment Hormonal
Combination estrogen and progestin-containing contraceptives
The goal of medical therapy in acute AUB is to stabilize the endometrium with estrogen to provide initial hemostasis with the addition of progestins for endometrial stability. Combination oral contraceptive pills (COCP) taken continuously for several months stop menstruation and allow patients to regain their hemodynamic stability [17•] . COCP is cost effective as most pills are also found in generic formulations. Mention of brand names does not imply endorsement of particular products. Lo Ovral® (Akrimax Pharmaceuticals LLC, Cranford, NJ) is a monophasic combination contraceptive containing 0.3 mg norgestrel and 30 mcg ethinyl estradiol. For severe bleeding with a moderate hemoglobin level (Hgb 8-10 g/ dL), COCP taper can be initiated [21] . A commonly used taper dose would be one tablet by mouth every 6 h for 2 days, followed by one tablet every 8 h for 2 days, then one tablet every 12 h for 2 days, and continue to take one tablet daily skipping placebo pills and starting a new pack with active pills. If bleeding resumes as the tapering dose is decreased, one can increase pills to a dose of twice daily until completing the 21-day cycle [21] . Patients may often experience nausea with increased dosages of estrogen, and therefore, an antiemetic can be administered before the patient receives the dose of oral contraceptive.
Patients with severe anemia (Hgb ≤7 g/dL) or moderate anemia (Hgb 8-10 g/dL) with active bleeding may often need to be hospitalized if hemodynamically unstable. They can be treated with a similar COCP taper but may require one tablet every 4 to 6 h until bleeding decreases. This can take up to 24-36 h. Upon significant decrease of bleeding, the pill taper can be decreased to one pill three times a day for 3 days and then one pill twice a day until hematocrit is above 30 % [21] .
Intravenous or intramuscular estrogen is rarely indicated in patients experiencing acute AUB and is used primarily when patients are unable to tolerate oral medications or continuous bleeding results despite maximum oral therapy. Conjugated estrogens, Premarin® 25 mg (Wyeth Pharmaceuticals Inc, Philadelphia, PA), can be administered intravenously every 4-6 h for two or three doses as it has a proven indication for treatment for acute AUB. The use of estrogens has been associated with increased risk of a blood clot [21] . While estrogen will cause cessation of acute bleeding, it is important to add progestin therapy as re-bleeding from estrogen withdrawal can occur when IV estrogen is discontinued [21] . Many practitioners will address this issue by placing a patient on a COCP following cessation of bleeding with IV Premarin®.
Use of continuous oral contraceptive pills (using the active pills continuously from a pack of 28-day oral contraceptives and discarding the inactive placebo pills) or an extended cycle of 84-day oral contraceptives such as Seasonale® (Teva Pharmaceuticals USA, Inc, Sellersville, PA), a monophasic combination contraceptive containing levonorgestrel 0.15 mg and ethinyl estradiol 0.03 mg, can help anemic patients skip monthly menses.
Other options for extended or continuous regimens of hormonal therapy have been described in the adult population [22] . These include the use of the vaginal ring (NuvaRing®, Merck & Co., Inc., Whitehouse Station, NJ) containing 11.7 mg etonogestrel/2.7 mg ethinyl estradiol or the 6-mg norelgetromin/0.75-mg ethinyl estradiol transdermal contraceptive patch (Ortho Evra®, Janssen Pharmaceuticals, Inc., Titusville, NJ). The ring may be used continuously by placing one ring monthly [23] . The ring can be removed for 4 days when breakthrough bleeding occurs and then re-inserted [23] . The extended patch cycle can consist of weekly patch use for 12 consecutive weeks followed by a patch-free week [24] .
The traditional choice of treatment of heavy menstrual bleeding due to von Willebrand disease is COCP [25] [26] [27] . COCP have been found to reduce menstrual blood loss and increase hemoglobin concentrations in anemic women [25] . They can be administered continuously or in an extended regimen to reduce the frequency and severity of bleeding and control the timing of bleeding [28] . There are reports of successful treatment of AUB with COCP in conjunction with tranexamic acid [28] . However, clinicians should be aware that this combination is listed as a contraindication in the tranexamic prescribing information as of 2013 due to the potential risk of thromboembolic events [29] .
Patients with contraindications for receiving estrogen due to a history of blood clots, uncontrolled chronic hypertension, migraines with aura, or specific chronic illnesses can be treated with alternative medications. COCP should also be used with careful consideration in adolescents who are immobile as they might be at increased risk for a blood clot.
The most common reason for chronic AUB in the adolescent is typically the result of anovulation associated with polycystic ovarian syndrome (PCOS). COCP suppress ovarian and adrenal androgen production and increase sex hormone-binding globulin resulting in improved symptoms of acne and hirsutism associated with PCOS. Treatment with 20-35 mcg of ethinyl estradiol remains common among anovulatory adolescents [4] . In addition to regulating menstrual cycles, COCPs can improve unwanted hair growth in 50 to 70 % of women [30] .
Progesterone-only methods
In those patients experiencing acute AUB who have contraindications to COCP, treatment with progesterone-only methods is an alternative. Norethindrone acetate (Aygestin®, Teva Women's Health Inc, Sellersville, PA) can be administered as a taper taking 5 or 10 mg orally four times a day for 4 days, three times a day for 3 days, and twice a day for 2 weeks [21] . Medroxyprogesterone acetate (Provera®, Pfizer, New York, NY) 20 mg orally three times a day for a week can also be given to patients with acute vaginal bleeding [31]. Santos et al. noted the first use of a norethindrone 0.35 mg taper to treat heavy bleeding episodes in the adolescent population (Ortho Micronor®, Janssen Pharmaceuticals Inc., Titusville, NJ) [32•] . Two regimens of use were described: either taking one tablet of norethindrone 0.35 mg twice daily for a week, followed by one tablet daily for 21 days, or one tablet taken three times daily for 3 days, followed by one tablet twice daily for a week and then taken daily [32•] . The most commonly noted side effects included irregular bleeding, nausea/vomiting, mood swings, and hot flashes. Discontinuation rates were high secondary to side effects of breakthrough bleeding [32•] .
Progestins are also an option for adolescents who are experiencing anovulatory bleeding, without hirsutism or acne, and for whom contraception is not a concern. Progestins can be prescribed cyclically to induce a withdraw bleed [30] by prescribing Provera® 10 mg orally for 10 days either monthly or every 3 months. For those patients who would prefer complete menstrual suppression or significantly decreased flow, a continuous progestin-only pill Ortho Micronor® or higher doses of Aygestin® 10 to 15 mg daily may be prescribed [30] .
Medroxyprogesterone acetate 150 mg injectable (Depot Provera®, Pharmacia &Upjohn Co, Division of Pfizer Inc, New York, NY) is administered intramuscularly every 12 weeks and has been used for treatment in AUB. While amenorrhea is associated with prolonged use [33] , it occasionally results in irregular menstrual bleeding that many adolescents find bothersome and unacceptable. Depot Provera® users have been noted to have a decrease in bone mineral density when compared to normal menstruating controls [34, 35] . However, no highquality data is available to inform us whether the decrease in bone mineral density associated with use will affect eventual fracture risk in adolescents [35] . Depo Provera® may be a good option for temporary use in some patients. It should be used with caution in adolescents with immobility as they might already have a low baseline bone density for their age. Additionally, Depo Provera® use has been associated with increased weight gain which can be problematic for this population [36] .
Nonhormonal

Anti-inflammatory medications
Individuals who experience mild bleeding (longer than normal periods or shortened menstrual cycles for more than 2 months) and have normal hemoglobin [21] may benefit from a nonsteroidal antiinflammatory (NSAID). A Cochrane review demonstrated NSAIDs are more effective than placebo at reducing menstrual blood loss in women with regular menstrual cycles. However, they were less effective than tranexamic acid, danazol, and the levonorgestrel-releasing intrauterine device (LNG-IUS) [37] . Studied dosages of naproxen (Naprosyn®, Roche Laboratories Inc, Nutley, NJ) varied between 250 and 500 mg twice a day or up to four times daily and ibuprofen regimens from 600 to 1200 mg daily [37] . Patients with von Willebrand disease or other coagulation disorders should avoid NSAID products that prevent platelet adhesion as they may increase blood loss [8, 21] .
Antifibrinolytic agents
Antifibrinolytic agents such as tranexamic acid (Lysteda®, Ferring Pharmaceutics Inc, Parsippany, NJ, USA) are nonhormonal and noncontraceptive methods for women who experience heavy menstrual bleeding. This plasminogen activator inhibitor decreases fibrinolysis and promotes clot formation resulting in reduced menstrual blood loss. Antifibrinolytics cause a greater reduction of heavy menstrual bleeding when compared to placebo [38] . Lysteda is prescribed as 1300 mg orally three times daily for a total of 5 days during monthly menses [29] . The most common side effects include headaches, backaches, nasal sinus problems, abdominal pain, nausea, and vomiting [29] . Contraindications include but are not limited to thrombotic or thromboembolic disease [31] .
Lysteda® is not approved by the FDA for use in premenarcheal girls and is only indicated for women of reproductive age as its use was not originally studied in young women under the age of 18. However, antifibrinolytics have been demonstrated to decrease menstrual blood loss in adolescents [28] . Srivaths et al. conducted a small pilot study comparing oral tranexamic acid to combination oral contraceptives for adolescents with heavy menstrual bleeding [39] . The results demonstrated tranexamic acid appeared to be as effective in the management of adolescent heavy menstrual bleeding in reducing menstrual blood loss and improving the participant's quality of life [39] .
Vasopressin analog
Desmopressin acetate (DDAVP®, Ferring Pharmaceuticals Inc, Parsippany, NJ) is a synthetic analog of vasopressin that improves bleeding in patients with von Willebrand disease and decreases heavy menstrual bleeding. Kouides et al. conducted a prospective crossover study between intranasal desmopressin and oral tranexamic acid, which demonstrated that while both improved quality of life and reduced menstrual blood loss, tranexamic acid proved to be more effective [40] . A Cochrane review by Ray et al. compared nonsurgical interventions for treating heavy menstrual bleeding in women with bleeding disorders [41] . There is a paucity of data showing improvement of heavy menstrual bleeding with the use of desmopressin when compared to placebo [41] . Additional randomized controlled trials are needed. Patients who do opt to try desmopressin acetate require restrictions on their fluid intake secondary to the risk of hyponatremia. In the majority of cases, use of DDAVP® is reserved for those patients with a bleeding disorder who have been found to be DDAVP® responders and is typically prescribed and managed by a hematologist.
Vitamins
Patients with AUB and anemia should receive iron replacement therapy. No specific iron preparation is more effective than another. The target dosage is 150 to 200 mg/day of elemental iron in one to three divided doses per day [42] . Iron should be taken on an empty stomach with orange juice to assist absorption. If the patient experiences severe anemia (Hgb ≤ 7 g/dL), they might benefit from folate or multivitamin supplementation [17•] . In patients who are intolerant of oral iron preparations and have heavy menstrual bleeding, IV iron therapy may be indicated [43] . Regardless of the iron preparation product used, IV iron therapy has been found to be effective and safe to increase hemoglobin levels to near normal with no serious adverse affects [43] .
Interventional procedures Exam under anesthesia and dilatation and curettage (D&C)
In most cases of AUB, medical therapy is sufficient. In those patients for whom medical management does not decrease bleeding and in whom vital signs are unstable, surgical evaluation may be warranted with an exam under anesthesia. A D&C can be both diagnostic and therapeutic but is rarely needed in the adolescent patient [21] . The risks of a D&C procedure include anesthesia, uterine perforation, infection, and Ashermans syndrome (intrauterine adhesions).
Foley catheter for mechanical tamponade
Adolescents who fail medical treatment and have continued profuse bleeding might benefit from a mechanical measure to tamponade bleeding within the uterine cavity until medical treatments can be effective. After evacuation of clots from the uterine cavity, a 16-or 18-French Foley catheter with a 30-cc balloon can be placed into the uterus [44] . Cervical dilation may be required to pass the catheter through the cervix. Once inside the uterine cavity, the balloon is inflated with saline until it is filled and bleeding stops. The positioning of the catheter can be confirmed by ultrasound and is kept in place for up to 24 h. Foley catheters have been used to control postpartum hemorrhage [45] , and information about their use has been extrapolated to the adolescent patient [44] .
Assistive devices Hormonal
Levonorgestrel intrauterine system LNG-IUS is an excellent management option for a patient experiencing chronic abnormal uterine bleeding. A recent Cochrane review published in 2015 by Lethaby et al. concluded the LNG-IUS is more effective than oral medication (oral contraceptive pill, mefenamic acid, medroxyprogesterone acetate, norethindrone acetate) as a treatment for heavy menstrual bleeding and is associated with greater reduction in heavy menstrual bleeding and improvement in quality of life, and appears to be more acceptable long term. However, the LNG-IUS is associated with more minor adverse effects than oral therapy [46•] .
Mirena® (Bayer Healthcare Pharmaceuticals Inc., Whippany, NJ, USA), a 5-year intrauterine device (IUD), and Liletta® (Medicine360, San Francisco, CA, USA, and Actavis, Parsippany, NJ, USA, trademark of Odyssea Pharma SPRL [Belgium] , an Actavis affiliate), a 3-year IUD, both contain 52 mg of levonorgestrel. Not only is LNG-IUS a long-term management option for AUB in adolescents but it is also a highly effective contraception option in an at-risk population. The LNG-IUS has been found to be more effective at reducing menstrual blood loss with greater increases in hemoglobin and ferritin compared with other oral medical management [47] [48] [49] . It is a well-tolerated method for patients with heavy menses and in women with inherited bleeding disorders [50] . In adolescents with AUB secondary to anovulation, the LNG-IUS has been demonstrated to be effective and should be considered in all age groups [4] .
LNG-IUS use has been noted to be more effective than medical treatment in reducing the effects heavy menstrual bleeding has on quality of life [51] . The 2-year continuation rates in women using the LNG-IUS are higher than in women receiving typical medical treatment for AUB [51] . A cohort study among adolescents in New Zealand using the LNG-IUS had a 1-year continuation rate of 85 % [52] . A study in the UK also identified LNG-IUS as the most cost-effective treatment when using their quality-of-life measures to estimate the quality-adjusted life years (QALY) as a primary indicator of treatment success [53] . Sanghera et al. concluded using UK guidelines the LNG-IUS would be the recommended treatment for heavy menstrual bleeding [53] .
Side effects of the LNG-IUS include pain with insertion, risk of expulsion, irregular bleeding or spotting, headaches, pelvic pain, breast tenderness, and ovarian cysts [46•] . Adolescents should also be advised that uterine size can preclude insertion. The Mirena® requires a uterine sound depth of 6 cm and the Liletta® 5.5 cm. The presence of a uterine anomaly may also preclude insertion of an IUS.
There is a smaller 3-year intrauterine system, Skyla®, containing 13.5 mg of levonorgestrel (Bayer Healthcare Pharmaceuticals Inc., Wayne, NJ), but there is no medical literature at this time regarding its use in treatment of AUB.
Subdermal implant
The 68-mg etonorgestrel subdermal implant is a rod placed subdermally in the arm for 3 years (Nexplanon®, Merck & Co Inc., Whitehouse Station, NJ). The subdermal implant is associated with an overall decrease in bleeding with continued use [54] . However, its use has not been described as a primary treatment for AUB. It is an effective long-term form of contraception for the adolescent patient. Users should be counseled about the side effect of unpredictable breakthrough bleeding. Patients also may report acne, headaches, mood swings, weight gain, and nausea.
Diet and lifestyle Exercise
Anovulation and therefore AUB can be associated with an increased body mass index. Exercise with associated weight loss may improve ovulatory function [4, 55, 56] and therefore improve AUB. While diet and exercise education is an important adjunct to the medical management of these patients, most patients who present with AUB are in need of immediate treatment to manage their bleeding symptoms.
Pediatric considerations
Clinicians in the care of young female patients need to be anticipatory in their management of menarche in patients with known bleeding disorders. A study by Dowlut-McElroy et al. identified prepubertal girls with known bleeding disorders who do not have a plan of care in the event they had heavy menstrual bleeding after menarche [6] . They conclude a consultation with a pediatric gynecologist or hematologist prior to menarche would be helpful to review abnormal bleeding patterns and discuss possible treatment options should they experience heavy menses. Adolescents with bleeding disorders should also be encouraged to wear medical alert bracelets [8] . Today, there are many fashionable medical jewelry options available including Lauren's Hope® Medical ID Jewelry [57] and American Medical ID® [58] .
Conclusion
Over the past 5 years, AUB has a new classification system (PALM-COEIN) that should be used in the evaluation of AUB in all reproductive-aged women including the adolescent. This classification will help to define the cause of the bleeding and thereby target treatment. Adolescents more commonly have anovulatory bleeding, a bleeding disorder, infectious causes of bleeding, and potentially pregnancy-related bleeding. Awareness of this information should help the clinician to focus the history and physical examination. Traditionally, COCPs have been used to treat AUB in the adolescent but recent literature shows the advancement and success of the use of LNG-IUS, which may surpass the use of COCPs for treatment of AUB in this patient population in the future.
A recent study by Haguelet et al. demonstrated variations in strategies of treatment among pediatric subspecialties in treating adolescents with acute AUB and identified a lack of standardized care for adolescents [59] . Future evaluations of standardized management of AUB in adolescents would be helpful to identify the optimal treatment plan [59] .
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